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Development of a cell-free 
neurochemical screening battery to 

predict adverse outcomes in mammals, 
fish, and birds 



• Green chemistry: 
• Is the design of chemical products and processes that reduce 

or eliminate the use or generation of hazardous 
substances (USEPA) 

• Consists of chemicals and chemical processes designed to 

reduce or eliminate negative environmental impacts 
(USEPA) 

• Toxicity testing: 
• Aids in identification of potentially hazardous chemicals 

• Human health 
• Ecological health 

Toxicity Testing and Green Chemistry 



• Risk Assessment: 
• Fundamental to public and ecological health 
• Informs decision makers 
• Evolving (tools, knowledge, uncertainty, susceptibilities, etc) 

 

• Problems and Challenges: 
• 80,000+ chemicals (+mixtures) untested towards humans 
• 80,000+ chemicals (+mixtures) untested across 1000s of fish, 

mammals, birds  
• Chemical + non-chemical stressor interactions 
• Current testing methods: expensive, slow, low throughput, 

apical endpoints, limited MOA studies, etc. 

Toxicity Testing – Is it broken? 



VISION 

“Transform toxicity testing from a system 
based on whole-animal testing to one 
founded primarily on in vitro methods… 
use computational models” 

 

STRATEGY 

• Innovate (screening, toxicity pathways, 
high-throughput, computation, omics) 

• Reduce use of whole animal studies 
(RRR) & apical endpoints  

 

NRC Vision and Strategy for Toxicity Testing 

http://search.barnesandnoble.com/booksearch/imageviewer.asp?ean=9780309109925&z=y




http://www.epa.gov/ncct/toxcast/  [last accessed Oct 25, 2012] 

http://www.epa.gov/ncct/toxcast/
http://www.epa.gov/ncct/toxcast/




Figure 5 
Association between the number of minimal pathway hits (which we assume is inversely correlated with the minimum concentration at which 
significant pathway activity occurs for the chemical) and the lowest dose in vivo at which a significant toxicity end point is observed, in this case 
for the rat prenatal developmental bioassay. Each point represents a single chemical. The x-axis is the value resulting from the fitted model, 
which is 0.6 + 0.4 × log10(LD50) – 0.037 × (number of minimal pathway hits at concentrations < 30 μM). The y-axis is the minimum 
log10(concentration) at which toxicity is seen for this study type. This analysis was performed on the 153 chemicals for which we had all values. 
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• ERA: potentially 1,000s of mammals, fish, birds 
– Limited availability of test organisms (eg. at-risk 

species, husbandry, biological knowledge, etc.) 
– Societal & monetary concerns over animal bioassays 
– Limited cell-based tools (cell lines, cell cultures) 

• Simplified platforms to assess interactions 
• Pathway-based high throughput screening assays 
 quantitative models  

• Multiple species, chemicals, pathways 
• Cheap, quick, and hypothesis generating 
• Component of ToxCast 
• Limitations?  Over-simplification; single ‘Tool’ 

 

Why Cell Free Systems 



OBJECTIVES 
• advance an in vitro, cell-free high-throughput 

neurochemical screening assay platform 
• mammals, fish, birds (+biomedical, humans) 
• model data outputs to predict adverse effects  

 
HYPOTHESIS 
• Several toxicants will emerge that interact with, 

and disrupt the function of, neurotransmitter 
receptors, enzymes and transporters that mediate 
vertebrate reproduction 

TODAY:   ToxCast  “ECO”ToxCast 



Neurotoxic 
(reproduction; 

neurobehavior) 

BRAIN 

CHEMISTRY 

30,000 pollutants 

Guiding Principle Revisited  
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• Obtain brain tissue 

• Isolate cellular  

 components 

• Perform assay 

  in microplates 

• Calculate IC50s  

 & model data  

 outputs 

 

How Cell Free Systems 

chemical 1 

chemical 2 

chemical 3 

transporters 

enzymes 

receptors 



A) Multiple Species 
(ecological & biomedical) 



Inhibition of Glutamate Uptake 
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B) Multiple Toxicants 
(non-model species) 



C) Multiple Assays 
(ecological applications) 



D) Integrated “Heat Maps”: 20 species, 16 assays, 60 toxicants 
 [below: 11 species x 9 metals x 2 assays = 198 datapoints] 



Moving ahead-EPA STAR 

~32000 
datapoints 

80-100  
chemicals 

Metals 
Pesticides 

Pharmaceuticals 
Organics 
Mixtures 

16  
endpoints 

Acetylcholine 
Dopamine 
Glutamate 

GABA 

20  
species 

Humans 
Fish 

Mammals 
Birds 



Chemical 
Structure 

and 
Reactivity 

Profiles 

Receptor/Ligand 
Interaction 

 
DNA Binding 

 
Protein Oxidation 

Gene Activation 
 

Protein Production 
 

Altered Signaling 
 

Protein Depletion 

Altered Physiology 
 

Disrupted  
Homeostasis 

 
Altered Tissue  
Development 
or Function 

Lethality 
 

Impaired  
Development 

 
Impaired  

Reproduction 
 

Cancer 

Toxicant Macro-Molecular 
Interactions 

Cellular  
Responses 

Organ 
Responses 

Individual 
Responses 

Structure  
 

Recruitment 
 

Extinction 

Population 
Responses 

Anchor 1 
(molecular initiating event) 

Anchor 2 
(adverse outcome at the 

individual or population-level) 

AOP = Adverse Outcome Pathways 



Toxicant Concentration 

In
 V

it
ro

 R
e

sp
o

n
se

 

TISSUE RESIDUE VALUES; PRIORITY  
SUBSTANCES; ENVIRONMENTAL MIXTURES 
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Concluding Remark – Ultimate Goal 
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